Aim: To evaluate the Baerveldt glaucoma implant (BGI) in paediatric glaucoma treatment. Methods: In a retrospective non-comparative case series 55 eyes of 40 consecutive paediatric patients ((16 years) with primary or secondary glaucoma underwent Baerveldt (350 mm 2 ) implantation. Surgical outcome was evaluated by Kaplan-Meier table analysis. Results: The overall success rate was 80% at last follow up, with a mean follow up of 32 (range 2-78) months. Cumulative success was 94% at 12 months and 24 months, 85% at 36 months, 78% at 48 months, and 44% at 60 months. 11 eyes (20%) failed postoperatively because of an IOP .21 mm Hg (eight eyes), persistent hypotony (two eyes), and choroidal haemorrhage following cataract surgery (one eye). The most frequent complication needing surgery was tube related (20%). A new observation was mild to moderate dyscoria in 22% of the eyes, all buphthalmic, caused by entrapment of a tuft of peripheral iris in the tube track. Conclusions: The BGI is effective and safe in the management of primary and secondary glaucoma. When angle surgery has proved to be unsuccessful or inappropriate in paediatric patients, a BGI is a good treatment option. One must be prepared to deal with the tube related problems.
M
anagement of primary congenital glaucoma is primarily surgical; goniotomy or trabeculotomy each have success rates of 40-90%. [1] [2] [3] [4] In case of secondary glaucomas associated with, for example, aphakia, aniridia, anterior segment dysgenesis, and Sturge-Weber syndrome, goniotomy or trabeculotomy have poorer success rates. 5 When goniotomy or trabeculotomy fail or are inappropriate to control intraocular pressure (IOP) in paediatric patients, alternatives include filtering surgery, cyclodestructive procedures, or drainage implants. Children undergoing filtering surgery do not enjoy the same success rates as older patients. Success rates vary from 37% to 85%, depending on patient population. [5] [6] [7] [8] [9] [10] Additionally, conjunctival scarring from previous ocular surgery may limit the success of repeat surgery. Inhibitors of scar formation such as 5-fluorouracil and mitomycin C may improve the success rate of filtering surgery in terms of IOP control, but the resultant blebs tend to be thin and avascular and are associated with a high incidence of endophthalmitis. [11] [12] [13] [14] [15] [16] [17] Because of the high rate of vision loss and phthisis, cyclodestructive procedures are often reserved for eyes that have failed all other options. [18] [19] [20] [21] [22] [23] [24] The use of glaucoma drainage implants is a promising alternative in treating intractable glaucomas. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] A variety of aqueous shunting devices have been developed, both valved (Ahmed) and non-valved (Molteno, Baerveldt) designs. In paediatric patients in whom goniotomy and/or trabeculectomy with or without antimetabolites have failed, success rates of 56-95% have been reported with these glaucoma implants.
In this study we retrospectively evaluated a large group of pediatric glaucoma patients with a relatively long follow up after treatment with a Baerveldt glaucoma implant (BGI).
PATIENTS AND METHODS
Paediatric patients ((16 years) with primary or secondary glaucoma were enrolled in this retrospective clinical study. Study protocol and informed consent were approved by the institutional review board. All parents gave informed consent. All surgical procedures were performed by one surgeon (PWTdW) at the Rotterdam Eye Hospital, Rotterdam, Netherlands, between January 1998 and December 2003. All Baerveldt implants (AMO Groningen BV, Groningen, Netherlands) had a surface area of 350 mm 2 . The sclera in the superior temporal quadrant was exposed with a limbus based conjunctival flap, and the superior and lateral rectus muscles were identified and isolated with muscle hooks. The wings of the implant were positioned under the insertions of the muscles. The plate was secured 1-2 mm posterior to the insertions with two interrupted 9-0 nylon sutures. The tube was trimmed so that it would extend 1-2 mm beyond the posterior surgical limbus with the bevel towards the corneal endothelium. A stent (3-0 Prolene), 1-2 mm in length, was passed into and down the tube and positioned about 7 mm behind the limbus. The tube was ligated with 7-0 Vicryl around the stent. This stent was used for easy constriction of the tube and ensured a watertight closure, preventing early postoperative hypotony. The stent itself hardly affects the flow through the tube (personal measurements with donor eyes). The tube opened after 5-7 weeks in all cases. A paracentesis track through the cornea into the anterior chamber was made to control the IOP and the anterior chamber depth intraoperatively. A 23 gauge needle was used to create an opening for insertion of the tube into the anterior chamber. Glycerin preserved donor sclera was used to cover the tube near the limbus and secured with interrupted 9-0 Vicryl sutures. Finally Tenon and conjunctiva were reapposed with running 9-0 Vicryl sutures. A subconjunctival injection of corticosteroids was administered before the eye was patched. Postoperatively, topical steroids were tapered slowly and glaucoma medications were removed or added as IOP and clinical status required.
Preoperative and postoperative examinations included slit lamp examination, ophthalmoscopy, IOP measurement with a pneumotonometer (Model 30 classic, Mentor O&O, Norwell, MA, USA), and measurement of axial length by ultrasound A-scan (A-5500 A-scan system, Sonomed, Lake Success, NY, USA). Most examinations were performed under general anaesthesia in patients younger than 6 years. Older patients were able to undergo examinations in the 
RESULTS
Fifty five Baerveldt implant procedures were performed on 55 eyes of 40 patients during a 6 year period between January 1998 and December 2003. Table 1 summarises the characteristics of our patients. The 21 eyes that did not have any previous glaucoma surgery were the ones diagnosed as secondary glaucoma or primary congenital glaucoma with such corneal oedema making goniotomy impossible to perform.
The mean length of follow up for all eyes was 31.9 months (range 2-78, table 2). For 11 eyes, the follow up was less than 1 year. Thirty seven eyes were reviewed for 2 years or more, of which 11 were followed up for more than 4 years. Not all eyes were reviewed at every follow up period.
Postoperatively, the mean IOP and the mean number of topical medications were significantly lower (Wilcoxon signed rank test) than before the procedure for all follow up periods (table 3) . The mean IOP for the total group was 27.2 mm Hg (range 10-50 mm Hg) preoperatively and 15.5 mm Hg (range 0-33 mm Hg) at last follow up, including failures (table 3) . The mean reduction in IOP for all eyes, including failures, from the Baerveldt procedure to last follow up was 36.8%.
Preoperatively a mean of 1.6 (range 0-4) topical medications were used by all subjects (table 3) . At last follow up, all subjects, including those with eyes that failed, used a mean of 0.9 (40.5%) fewer topical medications (mean 0.6; range 0-3). No medications were needed in 35 (63.6%) eyes at last follow up. There was no change in number of anti-glaucoma medications for 19 (34.5%) eyes. For three (5.5%) eyes one more topical medication was needed. Two of these eyes were found to be a failure.
At the time of last follow up, 44 (80.0%) eyes were considered successful. Life table analysis (Kaplan Meier plot, fig 1) revealed an overall mean cumulative probability of success of 0.94 (95% CI: 0.87 to 1.00) at 12 months and 24 months, and 0.85 (95% CI: 0.73 to 0.97) at 36 months. After 36 months the mean cumulative probability of success declined to 0.78 (95% CI: 0.62 to 0.94) at 48 months and 0.44 (95% CI: 0.16 to 0.72) at 60 months. Four eyes lost visual function (no light perception) because of hypotony (two) or uncontrollable high IOP (two). In seven eyes the visual acuity was as low as counting fingers at 50 cm to 1 metre because of hypotony (one), uncontrollable high IOP (three) or deep anisometropic amblyopia (three).
Of the 11 eyes that failed, seven eyes were diagnosed as primary congenital glaucoma, two eyes as aphakic glaucoma, two as uveitic glaucoma, and one as glaucoma associated with persistent hyperplastic primary vitreous (PHPV) (tables 2 and 4). We did not find a difference between the failure rates of primary and secondary glaucomas (failure rate of 20% in both groups). One eye failed within 5 months and seven eyes failed after 2 years (at 25, 25, 51, 53, 56, 59, and 60 months) because of an IOP .21 mm Hg. The remaining three failed because of postoperative hypotony (IOP (6 mm Hg). In one eye, a cyclitic membrane developed 6 months after BGI implantation, which had been combined with an anterior vitrectomy. This resulted in low IOP with choroidal effusion. Although we closed the Baerveldt tube and performed a vitrectomy with membranectomy, the IOP remained ,6 mm Hg, resulting in a visual function of counting fingers at 50 cm. In the second eye, closure of the tube was performed 3 months postoperatively because of persistent hypotony. The third eye had congenital glaucoma and had previously undergone a trabeculectomy with adjunctive mitomycin C application, a revision of the trabeculectomy and a deep sclerectomy. Cataract surgery was performed 3 years after Baerveldt implantation, which resulted in a leaking wound with subsequent haemorrhagic choroidal effusion. Surgical occlusion of the Baerveldt implant did not result in higher IOP. The latter two eyes went phthisical and blind. The tubes were closed by a 9.0 nylon suture around the tube at the position of the stent, still being in place in all three cases.
Seventeen eyes (30.9%) required one or more surgical procedures because of postoperative implant related complications (table 2). In 11 eyes (20.0%), tube related complications occurred. Tube exposure occurred in three cases (5.5%), which required recovering of the tube with donor sclera and conjunctiva. No recurrent exposure occurred. In eight eyes (14.5%) reinsertion with or without extension of the tube was performed for tube retraction or anterior migration of the tube. In one eye (1.8%) the Prolene stent dropped into the anterior chamber postoperatively and had to be removed. In 12 eyes (21.8%) mild to moderate dyscoria was seen (fig 2) . In all cases gonioscopy revealed a tuft of peripheral iris tissue being trapped in the tube track (fig 3) . Mild ocular motility disturbance was found in four cases (7.3%). None of these cases required surgical intervention. Other complications were persistent shallow anterior chamber in one eye (1.8%) which was successfully reformed with viscoelastics, pupillary block in another eye (1.8%) due to posterior synechiae which required a surgical peripheral iridectomy, and cataract in one eye (1.8%).
DISCUSSION
The management of paediatric glaucoma is primarily surgical. In the literature goniotomy and trabeculotomy are still the initial surgical procedures of choice for most cases of primary congenital glaucoma. Trabeculotomy has a certain advantage in case of a cloudy cornea. However, even with experience, the procedure remains technically challenging. We do not perform trabeculotomies in our clinic. Furthermore, we only perform goniotomies in previously unoperated eyes with primary congenital glaucoma, the visibility of the chamber angle permitting.
Beck et al 25 found that aqueous shunt implantation (Ahmed or Baerveldt) offers a significantly greater chance of successful IOP control compared with trabeculectomy with mitomycin C in infants up to 24 months of age. They found cumulative probabilities of success at 12 months of 87% for the aqueous shunt group and 36% in the trabeculectomy group.
Our mean cumulative probabilities of success at 12, 24, and 36 months of 94%, 94%, and 85% respectively, are comparable to percentages reported recently for the BGI group by Beck et al, 25 Rolim de Moura et al, 26 and Budenz et al. 27 Our findings are also comparable with other previously reported success rates with Baerveldt or Molteno glaucoma drainage implants in paediatric patients. [28] [29] [30] [31] [32] [33] [34] Furthermore, our 12 month and 24 month cumulative probabilities of success compare favourably with those reported by investigators who used the Ahmed implants in paediatric patients. They reported success rates ranging from 70% to 93% at 12 months and 58-86% at 24 months. [35] [36] [37] [38] In the small group of patients with Sturge-Weber syndrome in this study, we found no failures after Baerveldt implantation. The follow up times for these eyes were 36 months in two eyes. One eye was lost for follow up after 3 months. Previous studies reported high success rates in controlling IOP of these patients with aqueous drainage implants. 35 39 In our study, a decline of success rate occurred after 48 months of follow up (fig 1) , which could be attributed to the limited number of patients with a follow up of more than 4 years (15 patients, of which four failed in this follow up period). Figure 1 very closely resembles the cumulative probability of success presented by Rolim de Moura and associates. 26 Longer follow up is necessary to examine the long term course of the success rate. However, previous studies suggest that longer follow up almost always leads to decrease of surgical success, whether the surgical procedure is glaucoma implant surgery, trabeculectomy, or cycloablation. 14 23-26 31 35 37 No anti-glaucoma medications were needed to control IOP in 64% of our patients at last follow up. Previously reported percentages of patients without anti-glaucoma medication at last follow up vary from 17% to 53%. 28-32 35 37 38 We are well aware that study populations may differ considerably, so the figures must be interpreted with care.
The most frequent complication of BGI in this study is tube related. Other studies reported 6.5-39.1% tube related complications. [25] [26] [27] The variability in the published incidence of tube related complications after BGI, may be partly the result of inclusion of differing proportions of buphthalmic eyes in these studies. Hence, it has been reported that the thin elastic sclera in buphthalmic eyes may predispose these eyes to changes in size and shape when the IOP is reduced, leading in turn to tube related complications. 26 In 12 cases (21.8%), all buphthalmic eyes, mild to moderate dyscoria was observed shortly after opening of the tube caused by entrapment of a tuft of peripheral iris tissue in the needle-track (gonioscopy). This observation has not been mentioned before in other studies. The entrapment could be a result of a shallow anterior chamber during a period of hypotony after opening of the tube, in combination with movement of the tube in the needle-track creating space next to the tube as a result of thin elastic sclera. It seems likely that movement of the tube is induced by movement of the eyelids over a hypotonous eye.
The reported incidence of hypotony and/or shallow anterior chamber in paediatric patients varies from 12% to 23% with the Ahmed implant, [35] [36] [37] [38] 6% to 11% after Molteno implantation, [31] [32] [33] [34] and 0 to 57% after a Baerveldt implant. [25] [26] [27] [28] [29] [30] Nearly all patients with non-valved glaucoma implant go through a period of hypotony and shallow anterior chamber after tube opening. In our group, IOP normalised and the anterior chamber reformed after 1-4 weeks in all but two patients.
Four patients (7.3%) were found to have mild motility disturbances postoperatively in our study. Strabismus surgery was not required in these patients. Previous studies of paediatric patients with BGIs reported motility disturbances in 0-16% after implantation. [25] [26] [27] [28] [29] [30] Similar findings (0-10%) were noted after implantation of an Ahmed or Molteno implant in paediatric patients. [31] [32] [33] [34] [35] [36] [37] [38] Motility problems are believed to be secondary to a mass effect from the equatorial filtering bleb, a Faden or posterior fixation effect induced by scarring under the rectus muscle, or fat adherence syndrome. 40 Fellenbaum found larger BGIs to have a somewhat greater IOP lowering effect in paediatric patients. However, they did not randomly select the implant surface area. 29 Lloyd et al reported similar success with the 350 mm 2 and the 500 mm 2 implants. 41 However, the 500 mm 2 implant had a higher complication rate, while requiring fewer glaucoma medications to control IOP. In a more recent study, Britt and colleagues found the 350 mm 2 BGI to be more successful than the 500 mm 2 implants for overall IOP control. 42 We prefer to use a 350 mm 2 BGI for IOP control in our paediatric patients.
In conclusion, we think that the BGI is effective and safe in the management of paediatric glaucoma, despite its propensity for tube related postoperative complications. From three other recently published studies [25] [26] [27] and this study the use of the BGI seems a good treatment option when angle surgery has proven to be unsuccessful or inappropriate for paediatric patients.
